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ABSTRACT 
tnformatlon pertaining to habitat use by bison (Bison, bison) 
at Wind Cave National Park (weNP) should contribute to management of 
that herd as well as to the understanding and appreciation of other 
bison herds inhabiting similar habitat. The seasonal range use patterns 
and food hab~ts of bison at WCNP were studied in 197B and 1979. Mixed 
herds preferred cool season sites and avoided warm season sites for 
all of their activities throughout the year. Mixed herds preferred 
prairie dog towns in the late summer during their breeding, but prairie 
dog towns were strongly avoided at other times of the year. Bull groups 
also generally preferred cool season sites and avoided warm season sites 
but qVQ~ded pr~i,ri,e dog towns at all 1 i,ll1e~ of the ye?lr~ There ~q~ a 
high degree of similarity during all seasons in range use by mixed 
herds and bull groups, and significant (~< 0.05) positive rank order 
correlations during the spring, early summer, and winter. Seasonal 
variation was detected in bison diets. Cool season graminoids, such as 
bluegrass (Poa spp.), sedges (Carex spp.), and western wheatgrass 
(Agropyron smithii), usually dominated bison diets, but the proportion 
of warm season grasses, such as grama-like shortgrasses (Bouteloua spp. 
and Buchloe dactyloides) and bluestem (Andropogon spp.)~ increased 
during the summer. Forbs and browse were a minor portion of bison diets. 
There was a high degree of similarity and significant (~~ 0.05) posi-
tive rank order correlations for seasonal diets of bison mixed herds, 
calves and bull groups. Key forage species for all bison were 
v 
Kentucky bluegrass (Poa pratensis), blue. grama (Bouteloua graci 1 is) and 
bluestem. Threadleaf sedge (Carex filifolia) was a key forage species 
for bull groups. 
INTRODUCTION 
Bison (B~on bison) were once an important component of the 
North American rangeland ecosystem. The species was widely dis-
tributed over the continent and was especially numerous on the 
prairie regions. Vast herds dwindled to a few hundred individuals 
in the late 1800s due to market hunting and westward expansion of 
settlers, but the species was saved from extinction by last-minute 
conservation efforts. 
A few wild herds of bison still exist in some national parks 
and many managed herds exist in other parks, refuges and under 
private ownership. Information concerning bison range ecology 
would be valuable for management of such herds, as well as contri·b-
~te tQ the understanding and appreciation of them. 
Only a few workers have published data pertaining to the 
range ecology of bison, particularly habitat use by unmanaged and 
free-roaming bison herds. Meagher -(1973), studying the bison at 
Yellowstone National Park, determined that rumen contents con-
tained predominantly grasses and sedges throughout the year. Feed-
ing patterns seemed to be regulated by forage availability with 
bison migrating between higher summer ranges and lower winter 
valleys where there was less snow. 
Reynolds et ale (1978) reported on food habits of the free-
ranging bison of the Slave River Lowlands in northern Canada. 
Wet meadows were preferred feeding habitat. Grasses and sedges 
2 
were predominant in the diets and were selected in proportion to 
their abundance. 
Peden et al. (1974) studied the trophic ecology of bison 
on shortgrass plains and stated that bison exploited that habitat 
more fully than cattle. Peden (1976) reported that bison on 
shortgrass plains had a general preference for the two dominant 
shortgrass species, but preferred a cool season grass in late 
spring when most of the shortgrasses had been removed by heavy 
grazing. 
Van Vuren (1979) compared summer diets and range use of bison 
and cattle in the Henry Mountains of southern Utah. The propor-
tion of grasses in bison diets was greater than in cattle, and 
bison utillzed more adverse terrain in terms of slope, slope aspect, 
and distance from water. 
This study was designed to describe the range ecology of 
bison on the mixed grass prairies of Wind Cave National Park 
(WCNP), South Dakota. The mixed grass prairie represents his-
torically important bison range and is a habitat type occupied by 
many present-day bison herds in the Central Plains region. It is 
also important to establisb data on the range ecology of the bison 
at WCNP to properly manage that herd and other ungulates at the 
park. 
Previous workers found spatial segregation among social groups 
of WCNP bison, and thus their range-pattern use could be affected. 
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The bison herd could be divided i,nto two major categories, mixed 
herds and bull groups. Mixed herds (fuller 1960) means mature 
females, young of both sexes, and occasionally mature males. 
Bull groups are either a single mature bull or a band of several 
mature bulls, all four years of age or older (Shult 1972). Mixed 
herds and bull groups are usually separate, except during their 
breeding season in the summer. Individual mature bulls may join 
the mixed herds at other times of the year, but this occasional 
association is usually temporary. Petersbur9 (1973) reported that 
bull groups behaved independently of mixed herds at weNP in the 
nonbreeding season, even if the groups were in the same vicinity, 
suggesting the potential for different range use by the different 
bison social groups. 
The objectives of this study were to: 
1. Determine seasonal bison range use patterns, 
2. Determine seasonal bison food habits, 
3. Determine whether different social groups or age classes 
of bison exhibit different habitat use. 
Field work was conducted from June to December 1978, 
during Late January 1979, and from March to June 1979. 
4 
STUDY AREA 
Wind Cave National Park (WCNP) was established in 1903 to 
preserve its large limestone cave with unusual calcite "boxwork" 
formations. The original park was approximately 4,234 ha, but 
acquisitions in 1931 and 1946 brought the total park area to its 
present 11,355 ha. Portions of the more recently acquired areas 
were once homesteaded and grazed by cattle, and a few areas were 
cultivated (Bohi 1962). 
The park is located in the southeastern foothills of the 
Black Hills, and its elevation ranges from 1,111 m in the eastern 
portion to 1,528 m in the northwest. Vegetation within the park 
represents a transition between the prairie grasslands to the south 
and the east of the Black Hills and the coniferous forest cov~ring 
the rugged terrain and ridges of the central portions of the Hills. 
Mixed grass prairie covers nearly 80% of the park, and the remainder 
is ponderosa pine (Pinus ponderosa) forest. Two permanent streams 
flow into the park, although both go underground inside the park. 
The park also has four spring-fed reservoirs and eight concrete 
dish-tanks constructed to provide additional watering areas for 
wildlife. A 2.4 m - high woven-wire fence surrounds the park, 
except for a small portion on the eastern boundary whererthe fence 
is only 1.2 m high. The only other fenced areas are the park 
headquarters and campground area (193 hal, and the 15-ha bison 
corral. There are 49 km of public access roads within the park, 31 
of which are hardtop and 18 of which are improved secondary roads. 
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Average annual precipltation at WCNP is 47 cm. Seventy 
percent of the precipitation is usually received between May 1 and 
September 30. Snow cover is typically light and of short dura-
tion. Average July temperatures are approximately 20 C and the 
average winter temperature is -5 C (U. S. Soil Conservation Service 
1969) • 
Wi Idl ife 
Blson were first introduced at WCNP in 1913 when 13 animals 
were obtained from a captive herd of the New York Zoological Society 
(Bohi 1962). In 1915, six more bison were brought from Yellowstone 
National Park. There were approximately 450 bison at WCNP during 
the study period. Bison are not intensively managed at WCNP, 
although periodic round-ups are conducted and sufficient animals 
are removed to keep the herd at desired population levels. Except 
for the round-ups, the bison receive no additional handling and roam 
freely within the park boundaries. 
Three other ungulates were also common in the park. There 
were approximately 450 elk (Cervus elaphus), 150 mule deer 
(Odocoileus hemionus), and 150 pronghorn (Antilocapra americana) in-
habiting the park during the study period. White-tailed deer 
(~. virginianus) were occasionally sighted. Black-tailed prairie 
dogs (Cynomys ludovicianus) were also a significant herbivore. 
Other common mammals at WCNP included coyote (Canis latans), badger 
(Taxidea taxus), cottontails (Sylvilagus audubonii and S. floridanus), 
and the least chipmunk (Eutamias minimus). 
6 
Range Sites 
The Conservation Plan for WCNP (U. s. Soil Conservation Service 
1969) describes the various range sites based upon their soil, slope, 
and moisture characteristics. The grassland range sites were of 
particular importance to the bison, and those with similar vegeta-
tion characteristics were categorized into major range site types 
for the purpose of this study. Common plant names are from 
Van Bruggen (1976) and Plummer et al. (1977), and common and scientific 
names are listed in Appendix D. 
Silty and clayey range sites were areas with level to gently 
sloping terrain and deep soils, and overflow range sites were 
areas along drainages. Climax plants on such areas were typically 
cool s'eason graminoids (grasses and grass-like) such as bluegrasses 
(Poa spp.), western wheatgrass (Agropyron smithii), needlegrasses 
(Stipa spp.), and sun sedge (Carex heliophila)" (Appendix A). 
Big bluestem (Andropogon gerardi) was a warm season grass that was 
also frequently found on the overflow areas. However, because 
cool season graminoids were the dominant vegetation, these sites 
were generally categorized as cool season sites and covered approxi-
mately 29.7% of the entire park. 
The stony hills range site occurred on rolling hills where 
the soil was cobbly and stony. The moisture level in these soils 
is actually higher than in soils without stones because precipita-
tion concentrates in soil pockets between stones. As a result, 
7 
b~g bluestem was predominant on this soil type. The shallow range 
site occurred on steep slopes with shallow soils. Warm season 
grasses such as little bluestem (Andropogon scoparius) and big 
bluestem dominated shallow sites, but cool season threadleaf 
sedge (Carex filifolia) was also common (Appendix A). Stony 
hills and shallow sites were categorized as warm season sites, and 
they covered approximately 45.5% of the park. 
Another important habitat available to bison was the 
areas covered by black .. tailed prairie dog towns. These areas were 
not considered as a unique range site in the Conservation Plan be-
cause the colonies generally occur on cool season sites. However, 
I considered the vegetation on these towns to be sufficiently 
d i, fferent to categor i ze them as a separate hab i tat for the purposes 
of this study. The feeding and clipping activities of the prairie 
dogs alter the vegetation on their towns so forbs and short-
grasses eventually become dominant species. Prairie dog weed 
(Dyssodia papposa), fringed sagewort (Artemisia frigida), plains 
milkweed (Asclepias pumila) tind scarlet globemallow (Sphaeralcea 
coccinea) were common forbs, whereas tumble grass (Schedonnardus 
paniculatus), grama shortgrasses (Boutelou~ spp.), and buffalograss 
(Buchloe dactyloides) were common grass species on the prairie dog 
towns., Prairie dog towns covered 5.4% (616 hal of the total park 
area in 1978 (Dalsted et al. 1979). 
Cool and warm season sites and prairie dog towns were inter-
spersed in a mosaic-like fashion throughout the areas of the park 
8 
and provided a patchy distribution of grassland habitat types. 
The Conservation Plan also described three wooded sites; but be-
cause they proved to be of little importance to the bison, they 
were all categorized as forest. 
Seasonal divisions throughout the study period were based on 
plant growth phenology with the summer season divided into an 
early and late season (Table 1). Although plants generally entered 
dormancy in the autumn, the vegetative portions of several cool 
season species remained green into the winter. 
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METHODS 
Bison Surveys 
Routine surveys were conducted to determine to what extent 
and for what activities the bison utilized the various range sites. 
From three to seven (usually five) surveys (one per day) were con-
ducted each week during daylight hours by driving the hardtop and 
secondary roads. Frequency of surveys depended upon visibility and 
road conditions ~he secondary roads could not be traveled when wet). 
During the winter season, surveys were conducted only in late January 
and early March. 
Bison were easily observed from the survey route. Binoculars 
(7x3S) were used to observe bison in the distance. Shult (1972) found 
that a vehicle was a good "blind" from which to observe bison and 
that it rarely disturbed their activities. 
Areas visible from the survey routes constituted approxi-
mately 30% of the entire park (Figure 1). Grasslands and prairie 
dog towns were over-represented and forests under-represented when 
comparing the total park area to the area visible from the survey 
routes (Table 2). 
Instantaneous observations of bison were made during the 
surveys. The time, group location, and group type (mixed herd or 
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bull group) were recorded. It was recognized that the behavior 
of the group influences, to some unknown degree, the behaviors 
of the individuals in that group. For that reason, Sinclair 
(1977) recorded all observations in terms of the group rather 
than the individual for his study of the African buffalo (Synercus 
caffer). When I observed WCNP bison, it became apparent that indi-
vidual bison often exhibited a choice i~ their behavior while in a 
group. For instance, because of the patchiness of the habitat at 
WCNP, an individual bison, without leaving the group, would use a 
warm season site while the rest of the group used a cool season. 
lt seemed Inaccurate~ in such an instance, to record the entire herd 
as using a cool season site. Yet, it violated a statistical assump-
tion of Independence to treat all bison observations within a group 
as individual observations. As a result, I recorded both the total 
number of bison in the group and the use and activity of indi-
viduals by range site. Thus, the proportion of the herd that 
was engaged in various activities on the various range sites could 
be calculated. Six major activity types were considered: feeding, 
resting, traveling, wallowing, drinking, and the occasional use 
of natural mineral licks. 
Fecal Analysis 
Seasonal diets of mixed-herd adults (yearlings or older), 
calves (up to one year old), and bull groups were determined by 
analysis of fecal fragments. 
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Fresh fecal samples were collected from mixed-herd adults 
each season. Calf fecal samples were collected each season except 
spring when young calves grazed infrequently. Fecal samples from 
bull groups were collected only during spring, autumn and winter. 
Bull group samples were not collected during the summer when 
mature bulls frequently associated with the mixed herds. 
Fecal samples were collected and prepared by methods sug-
gested by Hansen et al. (ca. 1978). Fifty fecal samples were col-
lected each season from mixed-herd adults. Fewer than fifty 
samples were usually collected per season for the calf and bull 
groups because there were fewer calves and inaividuals in bull 
groups, thus making it difficult to obtain known fresh samples 
from these groups. 
Approximately 50 g of fecal material was collected from a 
fresh defecation. Samples were oven dried and ground in a Wiley 
mi.11 through a 20 mesh (l-Iml) screen. Fecal samples were then 
composited by combining 0.5 g from the dried, thoroughly mixed 
samples. A total of 12 composite samples was prepared, each 
representing the diets of either mixed-herd adults, calves, or 
bull groups in the respective season (Table 3). 
Microscope slides of plant reference material and composited 
fecal sample material were prepared in a similar manner although 
the fecal samples required additional preparation. Fecal samples 
were bleached with a 5% solution of sodium hypochlorite for approxi-
mately one-minute, then rinsed over 200-mesh screen (0.074-11111 
15 
Table 3. Summary of fecal compositing procedure. Numbers indicate 
the total number of individual fecal samples composited 
seasonally for the bison groups 
Sprtng 
Early summer 
Late summer 
Autumn 
Winter 
Mixed 
herds 
50 
50 
50 
50 
50 
Calves 
10 
6 
22 
30 
Adult 
bu 115 
40 
26 
60 
openlngs}. for additional precision, a metal template with a 6-mm 
wide by I-mm deep opening was used to measure fecal material for 
each slide. The template was placed over the slid~ and a portion 
of the bleached and rinsed sample was filled evenly into the 
template opening. The material on the slide was then covered 
with a few drops of Hertwig's solution (Baumgartner and Martin, 
1939) and boiled by rotating the slide over an alcohol burner. 
The cooled material was permanently mounted with Pro-Texx Mounting 
Medium (Scientific Products, McGraw Park, Illinois). 
Ten microscope slides were examined for each fecal composite. 
Hansen and Lucich (1980) recommended examining 5 to 20 slides per 
sample when using composited fecal material. Twenty microscope 
fields of vision were systematically located at 100 power from a 
16 
random starting point. Samples were examined using a compound 
microscope and phase contrast lighting. A single frequency of 
occurrence was recorded for each identifiable plant species 
encountered in a field of vision. 
My ability to identify plant fragments was verified by 
attain{ng an approximate 90% level of accuracy with test mixtures. 
17 
RESULTS 
Range Use Patterns 
Seasonal preferences and variations in range site use were 
observed for both mixed herds and bull groups 6f bison. Forested 
areas received little use by bison since they usually only traveled 
through the forest using wildlife trails. Bulls were occasionally 
observed in the forest, but they were usually using open areas 
that were more accurately classified as a cool or warm season site. 
Petersburg (1973) also reported little use of forests by WCNP bison. 
Mixed herds 
Results of range use by mixed herds were based on 556 observa-
tions of herds (23,336 total individuals) during the study period 
(Appendix B). Mixed herds preferred cool season sites for all 
activities (including feeding) during all seasons except late 
summer (Table 4). Warm season sites were avoided throughout the 
year, and mixed herds usually avoided prairie dog towns. However, 
prairie dog towns were preferred during late summer. 
Similar range use patterns were observed for feeding activity 
by mixed herds (Table 4). Cool season sites were fed on preferen-
tially except during late summer. Warm season sites were avoided 
for feeding except for early summer when those areas received expected 
use. Prairie dog towns were preferred for feeding by mixed herds in 
late summer. 
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Bull groups 
Results of range use by bull groups were based on 1,123 
observations of bull groups (3,521 individuals) during the study 
period (Appendix B). Bull groups preferred cool season sites for 
all their activities in every season.and generally avoided warm 
season sites and prairie dog towns (Table 5). 
Bull groups preferred cool season sites for feeding on an 
annual basis. Warm season sites were generally used as expected 
for feeding, .whereas prairie dog towns were avoided as feeding 
areas by bull groups. 
Similarity in bison range use 
Generally, there was a high degree of similarity in range 
site use by the mixed herds and the bull groups (Table 6), as com-
pared using Kulczysnki's similarity formula (Oosting 1956). The 
degree of overlap for all activities extended from 78% in the autumn 
to 89% in the winter. Based on Spearman1s formula (Snedecor and 
Cochran 1967), there were significant (~< 0.05) positive rank 
order correlations during the spring, early summer, and winter 
(Table 6). 
Seasonal Diets 
Seasonal variations were detected in the diets of mixed-herd 
adults, calves, and bull groups. A total of 29 plant taxa (13 
graminoids and 16 forb and browsetaxa) was identified in bison fecal 
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Table 6. Percentage similarity and rank order correlation (r ) 
for sea~onal range use by bison mixed herds and -5 
bull groups 
Bison Percent r P 
activity similarity -'-5 
All activities 
Spring 83 +0.89 <0.010 
Early summer 80 +0.79 <0.025 
Late summer 79 +0.61 <0.100 
Autumn 78 +0.54 <0.100 
Winter 89 +0.85 <0.025 
Feeding 
Spring 89 +0.83 <0.025 
Early summer 91 +0.93 <0.010 
Late summer 73 +0.71 <0.100 
Autumn 71 +0.20 <0. 100 
Winter 72 +0.83 <0.025 
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samples. Only 13 taxa contributed more than 1% of the diets in any 
season. 
Mixed herds 
Cool season graminoids dominated the diets of mixed herds dur~ 
ing most seasons, varying from 52% of the autumn diet to 70% of the 
spring diet (Table 7). Cool season graminoids contributed only 37% 
to late summer mixed-herd diets. Bluegrasses, sedges, and western 
wheatgrass were the most frequently eaten cool season graminoids. 
Warm season grasses were also an important part of the mixed~ 
herd diets, ranging from 21% of spring diets to 47% of late summer 
diets. Grama~like shortgrasses (Bouteloua spp. and Buchloe 
dactyloides, taxa which could not be distinguished microscopically) 
were warm season grasses that contributed consistently to the seasonal 
diets, but bluestems seemed especially important to the mixed herds 
in late summer. Forbs and browse contributed the least to mixed 
herd diets, ranging from 4% in early summer to 21% in autumn. Sweet~ 
clover was the forb that occurred most frequently in mixed herd 
diets. 
The same seasonal trends in mixed herd diets were found with 
feeding site examinations (Appendix C). Big bluestem was the species 
of Andropogon that contributed the most to the increased use of warm 
season grasses in the summer. Grama~like shortgrasses appeared 
less importallt to the overall diets of mixed herds than was deter~ 
mined by fecal analysis, perhaps because grazing was often difficult 
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Table 7. Percentage of plants in seasonal diets of bison mixed 
herds. Number in parentheses indicates the number of 
fecal samples in the seasonal composite 
COOL SEASON GRAMINOIDS 
Bluegrasses 
Sedges 
Western wheatgrass 
Japanes~ brome 
Total cool season 
graminoids 
WARM SEASON GRASSES
a 
Grama-like 
shortgrasses 
Bluestems 
Needlegrasses 
Wi 1 cox pan icum 
Total warm season 
grasses 
FORBS AND BROWSE 
a 
Sweet clovers 
Sageworts 
Goldenrods 
Sunflowers 
Ponderosa pine 
Scar 1 et g lobe-
mallow 
Wild rose 
Total forbs and 
browse 
Spring 
(50) 
25 
26 
16 
-1. 
70 
14 
3 
4 
21 
3 
3 
1 
9 
Early Late 
summer summer Autumn 
(50) (50) (50) 
38 15 19 
14 10 17 
12 10 15 
1 2 1 
65 37 52 
18 20 16 
10 21 4 
3 5 7 
1 
31 47 27 
2 6 4 
3 3 
1 4 
1 6 
2 1 
2 2 
1 1 
4 16 21 
Winter 
(50) 
32 
13 
14 
8 
67 
26 
1 
1 
28 
3 
1 
5 
a . 
Species occurring in diets of mixed herds but not exceeding 
one percent of a total seasonal diet: red threeawn and sand 
dropseed {warm season grasses}; yarrow, milkvetch, prairie dog-
weed, scurfpeas, western- snowberry, and vervains (forbs and browse). 
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to detect on shortgrasses. Use of shortgrasses may also have 
been underestimated because those plants were common on prairie dog 
towns; and even though bison fed on these areas in late summer, 
feeding si'te examinations were not conducted there because bison 
grazing could not be distinguished from that of prairie dog. 
Calves 
Cool season graminolds were 40% of calf early-summer diets and 
71% of their autumn diets (Table 8). Western wheatgrass and blue-
grasses were important cool season grasses. Based on a small sample 
size, warm season grasses appeared most Important in calf diets in 
early and late summer when they comprised 50 and 51% of the diet, 
respectively. Grama-like shortgrasses were important warm season 
grasses during each season, whereas bluestems were important only 
in the summer. Forbs and browse were infrequently found in the 
calf diets with the largest proportion (10%) occurring in the late 
summer. 
Bull groups 
Although the diets of bull groups were not examined in the 
SUll1ller, thei.r diets were similar to those of mixed herds at other 
times (Table 9). Cool season graminoids were dominant in bull 
diets (56 to 73%); bluegrasses were the most important species, with 
use of sedges greatest in the spring. Warm season grasses comprised 
from 21% to 32% in bull diets with grama-like shortgrasses the most 
important plant taxa. Forbs made up 6 to 12% of the bull group diets. 
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Table 8. Percentages of plants in seasonal diets of bison calves. 
Numbers in parentheses indicate the number of fecal 
samples in the seasonal composite 
Early Late 
summer summer Autumn 
(l0) (6) (22) 
COOL SEASON GRAMINOIDS 
Bluegrasses 17 21 41 
Western wheatgrass 16 11 19 
Sedges 6 9 9 
Japanese brane 1 2 2 - -
Total cool season graminoids 40 43 71 
WARM SEASON GRASSES 
Grama-like shortgrasses 20 26 16 
Bluestems 24 22 1 
Needlegrasses 6 3 7 
Total warm season grasses 50 51 24 
a 
FORBS AND BROWSE 
Sweetc10vers 5 2 
Sageworts 1 
Scarlet globemallow 1 2 3 
Goldenrod 2 1 
Ponderosa pine 1 1 2 
Total forbs and browse 10 6 5 
a 
Species of forbs and browse occurring in calf diets but 
exceeding one percent 
plant, and wi ld rose. 
of a total seasonal diet: yarrow, lead 
Winter 
(30) 
38 
6 
13 
2 
59 
32 
2 
2 
36 
4 
5 
not 
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Table 9. Percentages of plants in seasonal diets of bison bull 
groups. Numbers in parentheses indicate the number of 
fecal samples in the seasonal composite 
COOL SEASON GRAMINOIDS 
Bluegrasses 
Sedges 
Western wheatgrass 
Japanese brome 
Total cool season graminoids 
WARM SEASON GRASSES a 
Grama-like shortgrasses 
Needlegrasses 
Bluegrasses 
Total warm season grasses 
FORBS AND BROWSE a 
Sageworts 
Sweetclovers 
Ponderosa pine 
Goldenrods 
Scarlet globemallow 
Sunflowers 
Total forbs and browse 
Spring 
(40) 
35 
22 
12 
3 
72 
16 
3 
2 
21 
2 
2 
2 
7 
Autumn Winter 
(26) (60) 
27 34 
12 11 
14 15 
--1 --1 
56 63 
22 20 
6 2 
4 --1 
32 25 
4 4 
2 1 
1 2 
3 2 
3 
2 
12 12 
aSpecies occurring in bull group diets but not exceeding one 
percent of a total seasonal diet; Juneqr-a"ss',_Wi 1cox panicum 
(warm season grasses); scurfpeas, wild rose and western snowberry 
(forbs and browse). 
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Trends in ~ll group diets were also determined by feeding site 
examinations (Appendix C); results were-similar to those obtained by 
fecal analysis in terms of forage classes. However, results of the 
field observations indicate that 96.3% of the spring warm season 
forage class was comprised of thread leaf sedge, which was probably 
an over-estimation. But that species of Carex probably was most 
important to bulls in the spring as it was among the earliest grami-
noids to resume ~rowth. 
Similarity in bison diets 
All diets had a high degree of overlap (Table 10). The least 
overlap (70%) occurred between mixed herds and calves in the early 
summer, and the greatest overlap (88%) was between mixed herds and 
bulls in the winter. Comparing rank order correlation of plant 
species in the diets resulted in positive correlations (~< 0.05) for 
all pairs of diets (Table 10). 
Bison Group Size 
The mean size of bison groups varied seasonally. Mixed herds 
were largest in the late summer (which coincided with the peak 
period of the 1978 bison rut) when the average herd size was 61.3, 
compared to an average of 34.9 for the other seasons (Appendix B). 
Shult (1972) also reported an increase in mixed-herd size during the 
rut due to merging of smaller herds and the addition of mature bulls. 
Prairie dog towns seemed to be especially attractive to the large 
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Table 10. Percentage similarity and rank order correlation (!s) 
for seasonal bison diets 
Diets 
Spring 
Mixed herds-
Bull groups 
Early summer 
Mixed herds-
Calves 
late summer 
Mixed herds-
Calves 
Autumn 
Mixed herds-
Bull groups 
Mixed herds-
Calves 
Bull groups-
Calves 
Winter 
Mixed herds-
Bu 11 groups 
Mixed herds-
Calves 
Bull groups-
Calves 
Percent 
similarity 
86 
70 
84 
86 
73 
80 
88 
85 
84 
r 
-s 
+0.95 
+0.60 
+0.90 
+0.78 
+0.63 
+0.92 
+0.92 
+0.98 
+0.93 
<0.001 
<0.050 
<0.001 
<0.010 
<0.050 
<0.001 
<0.001 
<0.001 
<0.001 
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herds forming in late summer. Of all mixed herds observed on prairie 
dog towns in that season, 73.2% were larger than the nonbreeding 
season average size of 35 animals, 53.7% of the herds were larger 
than the late-summer average of 62 animals, and 29.3% of sightings 
on prairie dog towns were herds of over 100 individuals. 
The mean size of bull groups decreased during the breeding 
season as mature bulls joined the mixed herds (Appendix B). The 
average bull group size was 1.5 in the late summer compared to 3.5 
for the rest of the year. Both Shult (1972) and Petersburg (1973) 
reported smaller bull group sizes durtng the rut, and Petersburg 
suggested it may have been due, in part, to decreased tolerance 
between bulls. 
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01, SCUSS I ON 
Bison Range Use 
Historically, bison herds were probably nomadic and are often 
described as roaming in vast herds (Roe 1970). The two remaining 
free-ranging herds in North America both migrate between summer and 
winter ranges (Meagher 1973 and Stelfox 1977). It is impossible to 
assess how confinement affects bison range use at WCNP, but the range 
use patterns seemed related to social group and breeding activities. 
Mixed herds generally preferred to use and graze on cool season 
sites. These areas had preferred forage as well as being relatively 
open and with little topographic relief. Bull groups also preferred 
cool season sites, but they grazed steeper warm season ~ites more 
frequently than the mixed herds. This difference in range use could 
be related to the relative size and cohesiveness of the groups. 
Range use in the late sumn,er seeme:f related to breeding activi-
ties. Shult (1972) and Wydeven (1979) also noted that bison in-
creased thei r use of pra i ri e dog towns d'Jr i ng the summer and that 
those areas were used for wallowing and loafing. Coppock et al. 
(1980) reported that seasonal bison use of prairie dog towns at 
WCNP depended upon th~ duration of prairie dog impact on the 
area. Bison used older town cores (areas with> 12 years of 
impact and increased forb composition) for resting and rut related 
ac~iVities, and grazed the graminoid-dominated margins of the -
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towns more per unit time (f ~ 0.04) than either off-town or core 
areas. Coppock also reported that all prairie dog impacted areas 
had a significant decrease in the ratio of standing-dead to live 
graminoid biomass resulting in greater forage accessibility for 
grazers. 
This summertime association between bison and prairie dogs may 
be a historical relationship for mixed grass prairies. Koford (1958) 
has already suggested that there was onc,~ a beneficial relationship 
between bison and prairie dogs, with each species contributing to 
the maintenance of mutually ideal habitats of shortgrass interspersed 
with patches of bare ground and forbs. The importance of this associ-
at ion wou 1 d depend upon what rea 11 y is idea 1 hab i tat for the two 
species and upon local range conditions. 
Bison bull groups avoided prairie dog towns during all seasons, 
including late summer when.mixed herds were frequenting those areas. 
This flnding was different than that of Shult (1972), who noted an 
increased use of prairie dog towns by bulls in the summer. Part of 
this discrepancy may be attributed to the numbers of mature bulls in 
the park during the two studies. Shult (1972) reports there were 46 
mature bulls ( ~4 years old) at WCNP during the first year of his 
study. It was determined by aerial census that there were at least 
123 mature bulls, and estimates of as many as 150, during this study 
(Klukas, 1979). Bulls frequently have bc,en under-harvested in recent 
culling operations resulting in this high number of mature bulls. 
In this study it seemed that lone bulls or bull groups were avoiding 
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the areas frequented by the m(xed herds during the breeding season. 
This may have been an avoidance of the high levels of agonistic be-
havior of the bulls in the mixed herd during the rut. 
Seasonal Diets 
Bison at WCNP are primarily grazers. a situation described for 
other bison herds (Meagher 1973. Peden 1976, Reynolds et al. 1978, and 
Van Vuren 1979). There was a variety of plant species available 
at WCNP, and the bison generally preferred cool season graminoids 
during the early growing season and the nongrowing season, and' 
warm season grasses in the late growing season. The high 
similarity in all bison diets suggests common factors were motivating 
forage ~election. Selection seemed largely in response to plant 
maturity and characteristics of the various plant species which has 
also been described in Sinclair (1977). 
Key forage species 
Key forage species for bison at WCNP were determined based 
upon characteristics suggested by Smith (1965): palatability, ability 
to withstand grazing and competition, abundance, nutrition, volume 
of gro\"th, and use throughout the growing season. Kentucky bluegrass, 
threadleaf sedge, blue grama, and big bluestem were key forage species. 
Kentucky bluegrass (the most common bluegrass species at WCNP) 
was the most important cool season component of bison diets. This 
species should not necessarily be considered a desirable key forage 
species because it is an exotic, and while it is reported to increase 
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in dominance under heavy grazing (Krueger and Winward 1974, and 
Daubenmire and Daubenmire 1968), it wil! not compete well with native 
coo, season grasses when subjected to prescribed burning (Gartner 
1974, Schripsema 1977). 
Threadleaf sedge was a cool season graminoid that seemed to be a 
key species during the spring for bison bul.l groups. This was the 
only instance where a key forage species was of particular importance 
to only bison bulls. Threadleaf sedge is described by Stubbendieck 
and Foster (1978) as a highly palatable and valuable forage in western 
Nebraska in early spring. They reported 18% crude protein content in 
late April which decreased steadily to approximately 7% by early July. 
Bull bison seemed to exploit this species more fully than mixed herds 
because the bull groups grazed more frequently on the hillsides 
(where threadleaf sedge was common) than the mixed herds. 
Blue grama was a key species of warm season grass that consis-
tently appeared in bison diets. Rodgers and Box (1967) found that 
blue grama was generally higher in crude protein than buffalograss 
on typical southern mixed grass prairie in Texas. Uresk and Sims 
(1975) reported crude protein content of blue grama in northeast 
Colorado reached 18% in early May followed by a steady decrease to 
a constant proportion (approximately 7%) throughout the winter. 
Rauzi and Dobrenz (1970) reported the crude protein content of blue 
grama reached 15.4% during June in southeast Wyoming, followed by a 
decrease as the plant matured. Sharp increases in crude protein 
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content also followed precipitation. Blue grama apparently can con-
tribute substanti"ally to bison nutrition later in the growing season 
and perhaps periodically following preciritation. 
Big bluestem was a key warm season forage species for bison in 
the late summer, and patches of it received heavy and repeated grazing. 
Big bluestem was reported to be of high nutritive value during the 
late growing season in the Flint Hills of Kansas (Rao et al. 1973). 
Management Implications 
Bison generally prefer to use cool season sites on an annual 
basis and prairie dog towns only during the late summer. Prairie dog 
towns are usually located on cool season sites at WeNP, and because 
the area covered by prairie dog towns is expanding (Dalsted et al. 1979). 
there is potential for competition for preferred sites between bison 
and prairie dogs. In addition, the effects of grazing and trampling 
on the margins of prairie dog towns may facilitate town expansion as 
suggested by Koford (1958). 
The co-existence of bison and prairie dog towns is a natural 
and desirable situation at WCNP; but because the park contains a 
limited area of cool season sites, it would be prudent to limit 
prairie dog town expansion and bison impacts that may promote expan-
sion. The potential for bison impact on prairie dog towns could be 
minimized by careful control of the bison herd size. 
Maintaining intensive bison grazing is not a management goal 
of WCNP; but instead the goal is to promote a natural, balanced 
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ungulate grazing system. There is probdbly little food competition 
between bison and pronghorn because WCNP pronghorn are de~cr~bed a~ 
browsers (Lovaas and Bromley 1972, Bromley 1977, and Wydeven 1979). 
Quantitative descriptions of WCNP deer diets are lacking although 
a large body of literature usually describes them as browsers. 
There may be potential for competition between elk and bison 
for key forages in certain seasons. Wydeven (1979) determined thread-
leaf sedge was a key species of elk in the spring and big bluestem 
in the summer, as was determined for bison. Bison-elk competition 
for those key species or the potential for over-use may not be serious 
if populations of both elk and bison continue to be culled regularly. 
Prescribed burning is a desirable method to promote the key 
species of native grasses. Spring burns would decrease the abun-
dance of Kentucky bluegrass (Gartner 1974, Schripsema 1977). Bison 
might respond to a decrease in Kentucky bluegrass by making greater 
use of other important native cool season graminoids, such as sun 
sedge and western wheatgrass. 
Burning also increases the abundance of big bluestem and palat-
ability of bluestem (Gartner 1974, Schripsema 1977). This would in-
crease the amount of bluestem available for bison and elk. Field 
observations indicated that bison did not use little bluestem fre-
quently, except on a single small 1978 spring burn area where the 
litter and standing dead material in the little bluestem bunch had 
been removed. Spring burns on little bluestem areas may facilitate 
increased utilization of that species by bison. 
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APPEND I.X A. VEGETATI ON ANALYS I S 
43 
Forage availability was determined by two methods. Relative 
frequency of plants (Table Al) was determined on each feeding site 
examination area (see Appendix C). Transects were run through the 
examination areas, and the ground cover at 1.5-m intervals was 
identified. The transects were established so that the plot 
would be covered by 100 of the 1.5-m intervals. 
Analysis was conducted once a month on representative range 
sites using a 2- by 5-dm frame (Daubenmire 1959) to determine plant 
and ground cover (Table A2). A 12- by 30-m plot was established, 
and three parallel transects were run lengthwise through the plot 
at 6.5-m intervals. The frame was placed at 40 random locations along 
the transects, and the percent plant coverage within the frame 
was estimated. Compressed canopy coverage was estimated to the 
nearest 5%, and species accounting for less than 5% coverage were 
classed as 2.5 or 0.5%. Vegetation analysis was not conducted 
in winter when snow covered the ground. 
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APPENDIX B. SUMMARY OF BISON GROUP OBSERVATIONS 
50 
Table Sl. Numbers, group sizes,and mean group size of bison groups 
Mixed herds 
Spring 
Early summer 
late summer 
Autumn 
Winter 
Total 
Su 11 groups 
Spr lng 
Early summer 
Late summer 
Autumn 
Winter 
Total 
Group 
observed 
106 
97 
151 
102 
100 
556 
238 
234 
196 
229 
226 
1123 
Individuals 
observed 
2399 
2944 
9258 
4996 
3739 
23,336 
852 
741 
297 
676 
955 
3521 
Mean 
group size 
22.6 
30.4 
61.3 
49.0 
37.4 
3.6 
3.2 
1.5 
3.0 
4.2 
51 
APPENDtX C. BISON DIETS DETERMINED BY FEEDING SITE EXAMINATIONS 
52 
Trends in bison food habits (Tables CI and C2) were determined 
based on the feeding site examination method described by Mackie 
(1970). Bison grazing was observed, and when the bison left the 
vicinity, the area of grazing was examined. Straight-line 
transects were run at regular intervals through the grazed area. 
Plants at 1.5-m intervals along the transects were examined and 
all species of grazed plants were identified. Feeding was quanti-
fied by counting the number of stem; and/or leaves bitten off each 
plant. At least two feeding site e;:ams were conducted each week. 
A weekly average of 1,250 instances of use (number of stems and/or 
leaves freshly bitten) ~as recorded. 
53 
Table CI. Percentages of plants in mixed herd diets determined by 
feeding site examination 
Ed r 1 y late 
Spring summer summer Autumn Winter 
COOL SEASON GRAM I NO I OS a 
Bluegrass 33 34 22 33 31 
Western wheatgrass 17 7 6 20 13 
Sun sedge 14 20 3 6 3 
Threadleaf sedge 10 6 2 9 13 
Needleleaf sedge 2 1 7 
Quackgrass 3 
Japanese brome 2 
Total cool season graminoids 81 69 33 69 67 
WARM SEASON GRASSES
a 
Big bluestem 14 40 4 4 
Little bluestem 4 15 4 4 
Blue grama 4 3 I 7 10 
Green needlegrass 4 6 I 3 5 
Needle and thread 7 2 1 1 3 
Sand dropseed 2 2 1 
Red threeawn 1 4 
Buffalo grass 4 
Hairy grama 1 
Total warm season grasses 17 29 62 26 31 
aplants that did not exceed one percfnt of mixed herd diets in 
any season: smooth brome (cool season gr. ss); Junegrass, Wilcox 
panicum, tumble grass (warm season grasses); yarrow, lead plant, 
fringed sagewort, white sagewort, dwarf milkweed, milkvetch, wavy-
leafed thistle, field bindweed, fleabane scarlet gaura, gumweed, 
sunflower, dotted gayfeather, pincushion cactus, wild bergamot, 
prickly pear, purple locoweed, Hoods phlox, buckhorn, Pennsylvania 
cinquefoil, scurfpeas, coneflower, wild rose, goldenrod, scarlet 
globemallow. common spiderwort, vervain, violet, and soapweed 
(forbs and browse). 
54 
Table Cl. continued 
Early Late 
Spring summer summer Autumn Winter 
FORBS AND BROWSE a 
White clover 4 2 
Sweet clover 2 2 1 3 
Ponderosa pine 2 
Total forbs and browse 2 2 4 4 2 
55 
Table C2. Percentages of plants in bull group diets determined by 
feeding site examination 
Spring Autumn Winter 
a 
COOL SEASON GRAMINOIDS 
Bluegrass 44 50 
Threadleaf sedge 84 3 3 
Western wheatgrass 2 4 18 
Sun sedge 2 4 8 
Total cool season graminoids 88 55 79 
a 
WARM SEASON GRASSES 
Big bluestem 2 10 9 
Sand dropseed 14 
Little bluestem 3 2 
Blue grama 2 2 3 
Plains (I1uhly 5 
Green needlegrass 2 1 2 
Needle and thread 3 1 
Buffalograss 2 
Total warm season grasses 12 37 14 
a 
FORBS AND BROWSE' 
Sweet clover 5 2 
White sagewort 1 4 
Fringed sagewort 1 1 
Ponderosa pine 1 
Total forbs and browse 0 8 7 
aplants that did not exceed one percent of total bull group 
diets in any season: smooth brome (cool season grass); sideoats 
grama, and hairy grama (warm season grasses); lead plant, aster, 
wavy-leafed thistle, Hoods phlox, coneflower, wild rose, and 
goldenrod (forbs and browse). 
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APPENDIX D. LIST OF SCIENTIFIC AND COMMON PLANT NAMES 
57 
Table 01. List of scientific and common plant names. 
Scientific name 
COOL SEASON GRAHl NO IDS 
Agropyron repens 
A. smithii 
Bromus i nerm is 
!. j apon i cus 
Carex eleocharis 
C. f i I ifo I i a 
c. he I i oph i I a 
Eleocharis spp. 
Poa spp. 
Poa pratensis 
WARM SEASON GRASSES 
Andropogon gerardi 
A. scorparius 
Aristida longiset.3 
Bouteloua curtipendula 
B. graci 1 is 
B. hi rusta 
Buchloe dactyloides 
Danthonia spicata 
Koeleria cristata 
Muhlenbergia cuspidata 
Panicum wi lcoxi i 
Schedonnardus paniculatus 
Sporobolus cryptandrus 
S. heterolepis 
Stipa comata 
S. viridula 
FORBS AND BROWSE 
Achillea millefolium 
All ium texti Ie 
Amorpha canescens 
Common name 
Quackgrass 
Western wheatgrass 
Smooth brome 
Japanese brome 
Needleleaf sedge 
Threadleaf sedge 
Sun sedge 
Spikerush 
Bluegrass 
Kentucky bluegrass 
Big bluestem 
Li tt 1 e blues tem 
Red Threeawn 
Sideoats grama 
Blue grama 
Hairy grama 
Buffalo grass 
Poverty oatgrass 
Junegrass 
Plains muhly 
Wi I cox pan i cum 
Tumble grass 
Sand dropseed 
Prairie dropseed 
Needle and thread 
Green needlegrass 
Yarrow 
Textile onion 
Lead plant 
Table 01. continued 
Sci en t if i c name 
Antennaria parvifolia 
Artemesia dracunc~lus 
A •. frigida 
A. I ~dovi dana 
Asclepias pumi la 
Aster spp. 
Astragalus spp. 
Besseya wyomingensis 
Calochottus qunnisonii 
Campanula rotundifolia 
Cirsium undulatum 
Convolvulus arvensis 
Conyza canadensis 
Coryphantha missouriensis 
Echinacea angustifolia 
Erigeron spp. 
Gaur-a cocciriea 
Gentiana spp. 
GrindelIa squarosa 
Hedeoma hispida 
Hel ianthus spp. 
Kuhnia e~patorioides 
Liatrus punctata 
Lygodesmia juncea 
M,el i lotus spp. 
Monarda fistulosa 
Opuntia tortispina 
Orthocarpus luteus 
Oxytropis lambertii 
Penstemon spp. 
Ph lox hood i i 
Pinus ponderosa 
Plantago patagonia 
Potentilla pennsylvanica 
Psoralea spp. 
Ratibida columnifera 
Rosa spp. 
STTene antirrhina 
Sisyrinchium angustifolium 
Sol idago spp. 
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Common name 
Littleleaf pussy toes 
Silky wormwood 
Fringed sagewort 
White sagewort 
Dwa rf mil kweed 
Aster 
Mil kvetch 
Kitten-tails 
Sego lily 
Blue be 11 
Wavy-leafed thistle 
Field bindweed 
Horseweed 
Pincushion cactus 
Purple cone-flower 
Fleabane 
Scarlet gaura 
Gentian 
Gumweed 
False pennyroyal 
Sunflower 
False boneset 
Dotted gayfeather 
Skeleton plant 
Sweetclover 
Wi ld bergamot 
Prickly pear 
Owl's clover 
Purple locoweed 
Beardstongue 
Hoods phlox 
Ponderosa pine 
Buckhorn 
Pennsylvania cinquefoil 
Scurfpea 
Coneflower 
Wi I d r')se 
Sleepy catchfly 
Blue-eyed grass 
Goldenrod 
Table 01. continued 
Scientific name 
Sonchus spp. 
Sphaeralcea coccinea 
Symphoricarpos occidental is 
Taraxacum officinale 
Tradescantia bracteata 
Trifolium repens 
Verbena spp. 
Viola spp. 
Yucca glauca 
59 
Common name 
Sow-thistle 
Scarlet globemal1ow 
Western snowb"erry 
Gray-seed dandelion 
Common spiderwort 
White clover 
Vervain 
Violet 
Soapweed 
